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Using the Programmable System on a Chip (PSoC) in the physics laboratory 
Mark F. Masters, Ph.D.; Jacob Millspaw, Ph.D.; and Aaron Magner  
Department of Physics, IPFW, Fort Wayne IN 46805 
Microcontrollers:  Microcontrollers are a great little device 
that is extremely useful in developing single purpose 
instrumentation.  They are like a computer on a chip with 
memory (ram), storage (flash), and inputs and outputs.  A 
microcontroller is a digital device.  This means that you need to 
interact with world, you need analog circuitry to interface with 
the device which adds complexity.   
Electronic Instrumentation Course  In our 
electronic Instrumentation course, students learn about 
different types of electronic instrumentation and sensors.  
However, they are required to design, develop, build and 
use sensors in several experimental investigations.   
System on a Chip (SoC):  Almost all our mobile devices 
(and the Rasberry Pi) are based upon something called a System 
on a Chip or SoC.  These are single chips with a lot of the 
peripherals integrated on the chip.  In essence, it is a more 
powerful microcontroller. 
FPGA:  An FPGA is a Field Programmable Gate Array.  This is like 
a “blank” integrated circuit that you can “write” or program to 
perform all sorts of digital wonders.  It differs from a 
microcontroller in that a microcontroller is a cpu based device 
with peripherals.   
PSoC or Programmable System on a Chip: What 
makes the PSoC unique and useful for instrumentation is that it 
has analog circuitry on the chip!  It has FPGA like functionality – 
meaning you design how the chip will function.  If you need an 
analog amplifier, you drop one in through software which then 
configures this amplifier in the hardware!  This amplifier, or the 
whole chip can be reconfigured by the chip on the fly!   
Arduino: The Arduino is a open source microcontroller 
board and development environment.  In essence, there is a 
board to which a microcontroller is attached.  While the 
Arduino does have analog to digital converters on board (as do 
most microcontrollers) the analog signals generally have to be 
amplified to function with the chip increasing complexity and 
cost   
How?:  The PSoC development environment is freely 
available from Cypress.com.  Only for windows though. 
Flavors of PSoC:  The PSoC comes in a variety of flavors.  
PSoC1 is an 8 bit system with a clock of 20MHz and 4MIPS.  It 
can have up to 3 A/D’s with up to 14bit resolution and up to 
30ksps and D/A output up to 500 Hz.   
PowerPSoC is a PSoC1 capable of sourcing four 1-amp 
channels 
PSoC3 is also an 8 bit system, but with 33MIPS, an additional 
dedicated 20 bit 180ksps A/D converter with DAC’s up to 30kHz 
PSoC4 & 5 are 32 bit ARM processor based chips with 
100MIPS.  These have several dedicated, high sample rate 
A/D’s in addition to the lower resolution ones.   
?  PSoC developer kit 
for prototyping.  Not 
necessary but helpful 
PSoC in Class:  Because of the analog circuitry on 
board a PSoC, you can develop truly one chip instruments 
that collect data from a variety of sensors and do 
something with it. Students develop the firmware and 
hardware, then must design and build a circuit board, 
populate the board, box the board, and then test their 
prototypical instrument.  All in all its great fun!  
Example Project:  One example: a single chip 
thermocouple based temperature controller.   
Development of the 
temperature controller 
Hardware:  The IC is a PSoC 
A blank PSoC 
The analog portion of the 
PSoC populated with an 
amplifier and A/D 
